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^ INTRODUCTION 

Increasing recognition of wetland values is leading to wetlands protection 
legislation in some states [1,2]. Such legislation will create the need for 
fast, efficient and credible assessment of wetland vegetation communities, 
both to delineate their boundaries and to assess their quality. The large 
expanses and inaccessibility of many wetlands, in addition to their uneven and 
unstable terrain, make ground inventory and assessment difficult, time consum- 
ing, expensive and often inaccurate. Consequently there has been an increased 
use of remote sensing techniques, particularly the analysis of color and color 
infrared photographs, to inventory and monitor wetlands. 

Aerial photography provides rapid collection of a large amount of data as well 
as providing a unique overview of an area. The interpretation of large scale 
imagery (1:10000 to 1:40000) has been an integral part of many land-related 
studies; e.g. soil mapping [3,4,5], land-cover and land-use classification 
[6,7], forest management [8,9], geology [10,11], and geography [12]. Inter- 
pretation of large scale imagery usually employs manual photo interpretation 
techniques with or without visual enhancements. The basis of manual photo in- 
terpretation is commonly qualitative ocular estimation of land cover 
[13,14,15,16]. 
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Although most applioattona of remote aensing for land-oover mapping involve 
thJa type of analyaia, there are caaea where the uae of araaller aoale imagery 
and/or quantitative reaulta are deaired C17]< In theae caaea, oomputer-aa- 
aiated interpretation of imagery ahould be oonaidered. During the paat dec- 
ade, great atridea have been made in the applicationa of computer technology 
to aaaiat in the interpretation of multi'jpeotral data. Moat of the reaearoh 
involving digital proceaaing of multispectral data for identification of land 
cover haa been applied to electro-optical acanning aystema (Landaat or 
airborne acannera). Some authora have inveatigated the uae of computer-aa- 
aiated interpretion of digitized aerial imagery [ 18,19 ,20t2l3 , and have docu- 
mented aome of the benefita and problema aaaociated with thia technique. One 
of the crucial compone'ita in the analyaia technique ia the knowledge of the 
relationahip between light atriking the film and the reaultant film denaity. 
Many inveatigatora have reported techniquea to determine thia relationahip 
[22,23,241. Largely oriented toward quality control of film proceaaing, theae 
techniquea are alao applicable to analyaia of remote aenaing imagery. Some 
inveatigatora have applied calibration techniquea to photographic imagery ex- 
poaed for remote sensing purposes [25,26,27]. Thia paper deals with comput- 
er-assiated interpretation of wetland vegetation using properly calibrated 
digitized aerial photographic imagery. 

Many of the problema aaaociated with computer-assisted interpretation of 
photographic imagery involve improper calibration of the data before interpre- 
tation. Thia is particularly important if multi-emulsion (color or color 
infrared) film ia used [25]. The data that should be used in the interpreta- 
tion process are a spectral characterization of the reflected light from each 
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land cover type. The steps necessary to generate a proper spectral 
characterization are documented elsewhere [25] and include a transformation 
between measured film density and exposure as well as a correction for 
radiometric lens fall-off [28,29]* After the data derived from the 
photographic imagery have been calibrated, a number of possible comouter clas- 
sification schemes can be used to interpret the data. This study has used a 
supervised classifAcation scheme along with a number of generalization proce- 
dures to map wetland vegetation in the Sheboygan Marsh. 

MANUAL PHOTO INTERPRETATION 

The test site selected for this study is the Sheboygan Marsh, located in the 
Kettle Moraine country in the northwest corner of Sheboygan County, Wisconsin. 
The location of Sheboygan Marsh is shown on the wetland wip of Wisconsin (Fig- 
ure 1). Figure 2 is a black and white copy of a portion of the aerial image 
used in the study and shows Sheboygan Marsh. 

Sheboygan Marsh occupies a depression in a glaciated area. The general direc- 
tion of ice movement in the glacial till area which surrounds the marsh was 
northeast to southwest and many drumlins are found bo the southwest of the 
marsh. Sheboygan Marsh covers an area of approximately 4856 hectares (12000 
acres). The marsh bottom consists of three meters of peat underlain by marl 
and clay. About 405 hectares (1000 acres) is semi-open water with an average 
depth of 1 meter which supports large algae and macrophyte populations. The 
remainder of the marsh contains a variety of wetland vegetation including 
sedges, grasses, shrubs and trees. 
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The photography fop this project was acquired on 31 July 1974 by NASA (Mission 
279) using an RB-57 aircraft flying approximately 18208 ra (60000 ft) above the 
terrain. The photography was acquired with a Wild RC-8 mapping ca^iera 
equipped with a 152.4 mm (6 in) lens yielding an originaX photo scale of 
1 {120000. Kodak Aeroohrome Infrared Film Type 2443 (color Infrared) was used. 
Tho imagery interpreted was the original film, not a copy. 

A portion of one stereopair at a scale of 1 {120000 was Interpreted using a 
zoom stereoscope and light table by an experienced photo Interpreter with ex- 
tensive braining and experience in botany and wetlands ecology. The major 
vegetation associations usually interpreted on aerial imagery are natural 
groupings of species indicative of a given environmental condition and occur- 
ring in areas of sufficient size bo give a unique tone and texture on the 
film. In the photo interpretation of Sheboygan Marsh, delineations of 
vegetation classes according to the textural and tonal charaoterisbios de- 
scribed below were readily achieved. The principal difficulty in the inter- 
pretation is converting the visual categories into aoourate species catego- 
ries, which initially can only be done by specific correlation between imagery 
and field verification. The lines in the center of Figure 2 indicate the area 
mapped by the photo interpreter. Figure 3 is the resulting vegetation map of 
this area using the classification system described below. The study site in 
Figure 3 is approximately 1506 meters north-south by 1680 meters east-west 
(4941 feet by 5512 feet). 
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Yeijctitign glaaata ak StigbOYiin fitaicatL 

Twelve vcgetation-waber olasaes were identified on the aerial imagery and by 
fieldwork in the area. The deacriptions below include a aumnary of the ap- 
pearance of each vegetation claaa on the original color infrared tranaoarenoy 
uaed for interpretation. 

1. Water: Areaa of open water produce a medium to dark tone on the image. 
The dark color and uniform amooth texture of the water are in diatinct oon- 
traat to the lighter tonea of the aurrounding vegetation. 

2. Deep Water Eraergenta: Exiat in wpter deptha of 20 to 70 cm or more and 
conaiat predominantly of cattail (Tvoha lati folia and X* anguptifolia ) , 
bur-reed ( Sparganium eurvcarpum ) and aometimea giant reed graaa ( Phragmitea 
communia ) . Theae apeoiea exiat in bodiea of open water and appear to have a 
fuzzy texture and dark pink tone. 

3 . Shallow Water Emergents; Exist in 12-30 cm. of water and form a more 
dense cover than deep water emergents. Common species are arrowhead 
( Sagittaria labifoli^ ). water plantain ( Aliama plantago- acuatica) , bur-reed 
( Sparganium eurvcarpum ) , sweetf lag ( Aoorus calamus ) , and scattered sedges 
(fiaCfiJi rostrata and lacuatria ) . They have a dark pink to pink tone de- 
pending on the Shallovr Water Emergent/Water ratio. 

4. Cattails: Large clones of cattail ( Tvpha latifolia and T. anguatifolia ) . 
can live in a great range of water deptha (5-75 cm. ) provided they can become 
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establlahod on mud flats. These olones have a fuzzy texture and a very high 
reflectance making them appear whitish on the film. 

5. Reeds j DistinctjW* whitish color, fuzzy textured olones of bur-reed 

(Soarganlun flumarpun) ■ 

6. Sedges and Grasses: The main species of a sedge meadow, sedges (Carex 

laoustris. Q.. stricta , acuatiiis) , and grasses (CalaBagrMtla s a n a dan a la .. 
Leerzla oryzoides ^ are interspersed with forbs such as marsh milkweed 
(Asclepia inoarnata marsh fern, (CrY9,Rt.Cria. thelYPteria) i asters (Aater 
) , mint ( Mentha arvensls ) , and marsh cinquefoil (PptcntlUa PalUltrAa) • 
Together these species create a fine textured, whitish-pink tone. 

7. Sedges, Grasses and Forbs: Consists of a sedge and graSvS community with a 

strong component of forbs. This community grows in somewhat drier conditions 
than does the sedge and grass community. Common species In addition to the 
above listed sedges and grasses are Joe-pye weed I'E upatorium maqulatutq V, 
boneset (Eupatorium perfollatum ) |. marsh milkweed ( AsolePiaa inoai^nata ) . marsh 
aster ( Aster spp .), and marsh bedstraw ( Galium tlnctorium ). These species 

tend to form a continuous cover with little or no visible interspersion with 
exposed substrate and have a fine texture. They appear whitish-pink ,with 
pink areas within, on the film. 

8. Shrubs/Forbs; A transition community between the shrub community and the 
sedge/grass and forbs community. Common species derived from both communities 
are willow (Salix acc,. ) , dogwood (Cornua stolonifera and Q.. fibilflua.) , and al- 


7 


der ( Alnua rugoaa ) , astera C Aater app . ) , goldenrod ( Solldago app . ) » and aun- 
flowera (HflUanthua iroaaaacrr&feua) • Theaa apeoies have a whitiah-pink and 
red tone of niediuin texture. 

9 • Shruba : ComDon apeoiea are alder ( Alnua ruf ^oaa ) , red oaler dogwood 
(Cornua atolonifer^ ) , allky dogwood (Cornua sMiflUA.) > wlllowa (jSaUa ) r 

I 

and buttonbuah ( Cephalanthua oooidentalla ^ . Shrubs have a medium texture and 
a red tone. 

10. Conifers: Primarily white cedar (Thu la ocoidentalia ) and tamarack ( Larlx 

larlcina ) . This vegetation class displays a coarse texture and a distinctive 
purplish tone. 

11. Hardwoods: Areas of very coarse texture. 0,)mmon species are northern 

red oak (Quercua borealis) , white oak ( Quercus alha.) , and shag bark hickory 
( Carva ovata ) . They appear bright red on the film. 

12. Agricultural; Areas that >display patterns resulting from cultivation. 
Both row crops and cover crops are evident in this area. 

DIGITAL INTERPRETATION OF IMAGERY 

The boxed area indicated in Figure 2 and reproduced in Figure 3 in color, was 
scanned by an Optronics P-1700 scanning miorodensitometer. The imagery was 
scanned through three different narrow band interference filters centered at 
.45, .55 and .65 micrometers. The output data were then transformed into log 
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expoaurts [25j and oorreoted for lens fall-off t29i) • The apaolnff between s(ir:- 
ple points on the imageir 7 was 80 niiopometers . The scanned area was aporoxl- 
mately 253 hectares (625 acres), with each picture element (pixel) represent- 
ing an area of 6,0 meters square (19.7 feet square) on the ground. 

Training seta were extracted from che digital file of the imagery using the 
map generated from the photo interpretation (Figure 3) and computer generated 
oharacter displays from the digital file as first approximations. From these 
training sets, statistics were generated to be used with an elliptical 
classifier. The classifier generated a digital file from which color-coded 
thematic representations of the clasaificatloo could be produced. These elas- 
sifioations were visually checked for unclassified or misolassified areas. 
Training sets were added or subtracted as necessary until, after several iter- 
ations, the classification visually resembled the tonal pattern on the origi- 
nal aerial image. Generalized versions of the classification were also oro- 
duoed. Figures 4 through 6 are thematic representations of the classification 
and generalizations produced. 

Classification 

The classification procedure used for this project was a two-stage 
table-look-up elliptical algorithm [31]. This type of classification program 
uses the statistics derived from the training sets to construct a table which 
is a mathematical representation Of the ellipses in spectral space. The pro- 
gram allows the interpreter to vary the size of the ellipses by entering the 
number of standard deviations along eaoh of the principal axes for each class. 
The program datermlnes which ellipse (if any) a pixel falls within. There are 
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provisions in the olassifioatlon program to test a subset of olasses first, 
then, if the pixel remains unclassified, test the remaining olasses. This is 
particularly useful for transition olasses or pixels whloh are a mixture of * 
number of land covers. 

In some oases, a pixel will fall into two or more ellipses. For these pixels, 
a maximum likelihood teat is performed involving only the overlapping 
ellipses. This classification program can produce results similiar to a maxi- 
mum likelihood ola£islfier but with a significant cost reduction because com- 
puter time is minimized. 

generaliaation 

Two different types of generalization or smoothing routines were Investigated, 
The first algorithm involves checking the classes 'of the four or eight pixels 
surrounding a central pixel and changing the central pixel’s classification to 
the class of the majority of the surrounding pixels [30], Figure 6 is the 
product of such a generalization applied to the data illustrated in Figure 5. 
The second algorithm Involves similar procedures, but changes the central 
pixels clasaifloation only if a threshold number of pixels of a class is con- 
tained in the surrounding pixels. A further addition allows the user to es- 
tablish a set of merging priorities for each class in terms of the other 
classes in the classification. Figure 7 is a thematic representation of this 
trans forma tiori applied to the data illustrated in Figure 6. Table 1 summariz- 
es the color key and areas classified for each vegetation type illustrated in 
Figures 4, 5, and 6. 
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DISCUSSION 


Th« Intent of this project wee to investigate the use of digital internreta- 
tion of aerial photographic inagery to map the boundaries of vegetation within 
the wetland as well as to delineate the wetland boundary. There was little 
difficulty either with the nanual photo interpretation or with the coiuputer- 
assisted interpretation in accoioplishing this latter task. This was mainly 
due to the very distinct differences between wetland communities and the 
cultivated fields that surround the marsh. Assessing the accuracy of the dig- 
ital interpretation with regard to the boundaries of the individual wetland 
communities is more difficult. 

A visual comparison of Figures 3 through 6, indicates that the classification 
is quite good. In order to quantify the accuracy of the classification, a 
photo interpretation sampling scheme was devised [32]. For this investigation 
two hundred and fifty pixels were randomly chosen within, the study area. Each 
of these two hundred and fifty pixels was "marked” with a symbol and number in 
each channel of the digitized imagery. The symbol currently being used is a 
square with tick marks on each s,Me. The three channels of the digitized im- 
agery were then made into a simulated color infrared image by producing black 
and white color separations on the Optronics densitometer and projecting these 
on a color additive viewer. The marked pixels were then interpreted and com- 
pared with the results of the computer classification and generalized files. 
The procedure was repeated a second time with another set of randomly chosen 
points. Figure 8 is one of the color separations showing the marked pixels. 
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T«bl«a Z through H aru oonparlsons batvatn tha ohoto intarpritatlon of the 
marked Inagery and the oomputer olaealfioati^ns/generallzatlona* Along the 
top of each table are the olaaa nunbera for the marked image Interoretation* 
Along the left aide of each table are the olaaa nuwbera for the comouter olaa- 
aifioation of the aame plxela. Claaa 0 repreaenta an unolaaaified oixel. The 
valuea in Tablea 2, 3« and t repreaent how each of the interpreted narked 
plxela waa olaaaified by the ooaputer program. For example f from Table Z, one 
can deduce that 20 marked pixels were interpreted as olaaa 6 by both the manu- 
al and oomputer teohniquea. Also, 5 marked pixels that were interpreted as 
class 9 by the manual interpretation were olaaatfied as olaaa 9 bv the oomput- 
er Interpretation. Along the bottom of eaoh table are the number of pixels 
interpreted for eaoh clsfs by the manual method. Along the right side of each 
table are the number of pixels interpreted for each class by the computer 
technique. The diagonal of the matrix represents exactly how nuiny oixela were 
claasified the same by both the computer and photo interpreter. Ideally we 
would want a diagonal matrix. There are some differences between the computer 
Glassification and the manual photo interpretation (Figure 3). Much of this 
difference is due to the «resolution'» differences between the techniques. The 
digital analysis techniques are able to map the vegetation communities in much 
greater detail than what was possible for the photo interpreter. One limita- 
tion in the manual Interpretation was the width of lines drawn by the oen. 
The width of the line for a "00” pen at a scale of 1s 120000 corresponds to 24 
meters (79 feet) on the ground, 4 pixels in the digital file. The objective 
of this paper is to test the feasibility of high resolution wetland maooing 
from small scale imagery by both digital and manual interpretation methods. 
Consequently even though the manual photo interpretation could have been per- 


12 


forntd on an arJarfOd Isaga of the marah ( with the aoeooiated defradatlon due 
to the photofriphio copy process) we felt that the scales of the interpreted 
Iniffory should renain identical for purposes of comparison. 

Several walking and boating tours were taken in Sheboygan Marsh to familiarise 
the interpreters with the vegetation types and later to verify the vegetation 
assignments made by the digital interpretation* Much of the verification was 
accomplished in the winter months which greatly aided the ground survey due to 
the frozen ground and water. The dominant species were easily recognizable 
and no gross misolassificaticns were noted. 

j 

Examining Tables 2 through it is evident that the digital classification is 
a reasonable approximation of a wetland community map. Since field verifica- 
tion of the results on a plxel-by-pixel basis was not practical, we are using 
the manual photo interpretation of the reconstituted marked imagcrv viewed on 
the additive viewer as the basis for an assessment of the accuracy of the 
olasaification. The classification itself (Figure 5) is approximately 8311 
correct. That is, 831i of the pixels classified were classified as the same 
class by the computer interpretation and by the manual photo Interpretation of 
the marked pixels, assuming the manual photo interpretation of the marked 
pixels bo be correct. The first generalized version (Figure 6) approaches 90K 
correct while the second generalized result (Figure 7) is about 87H correct. 

A closer examination of these tables i)idicates that the percentages ouoted 
above are a lower bound on an accuracy assessment. Almost all of the 
> misclaasifi cat ions are associated with adjacent classes in the interpretation 
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(i.e,, between Shrubs/Porbs and Shrubs), During photo Intsrprstation of ths 
marked images the areas adjacent to the marked pixels were also oonsidered be- 
fore class assignment, Zt is most likely that the computer classification is 
correct on a pixel-by-pixel basis. Therefore, we would estimate that the 
first generalized transformation (Figure 6) is actually 9*5 to 90# oorreot, 

in order to estimate the accuracy of the hand-drawn map produced by manual 
photo interpretation (Figure 3), an overlay with randomly chosen points was 
constructed. These points corresponded to the same pixel locations in the 
digital file used to construct Tables 2 -^. The land-cover type at each point 
was compared with the pixel-by-pixel photo Interpretation done on the color 
additive viewer of the corresponding point and a confusion matrix was then 
constructed (Table 5). As can be seen, the generalization produced by the 
manual interpretation (Figure 3) shows leas agreement with the pixel-by-oixel 
interpretation than with the computer assisted interpretation. The point in- 
terpretation of the manual photo interpretation was only 56# and 60# accurate. 
There la little doubt that if every pixel were photo interpreted individuallv 
a very good interpretation would result. However, the time involved in such 
an interpretation would be prohibitive, It is interesting to note that the 
generalized interpretation depicted in Figure 7 appears to be a close approxi- 
mation to the manual interpretation, but it is much isjore accurate. 

The poor agreement between the manual photo interpretation and the interpreta- 
tion of the marked imagery (our standard) might be expected since the manual 
interpretation was attempted on imagery with a scale of 1:120000. Even with 
30 times magnification (which was available to the interpreter oh the zoom 
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skereoaoope) , interpretation of every 50 to 100 Bioroineters on the film la ft 
very difficult taak. The human Interpreter tended to gloaa over the amall de- 
taila on the imagery. The computer aaaiated interpretation waa oonalatent in 
the treatment of detail throughout the imagery. There ia little doubt that 
manual Interpretation of imagery at a aoale of 1:12000 would have reaulted in 
cloaer approximation of the wetland community boundariea, however each image 
would only cover 1/100 of the area of a 1:120000 image. 

The coata for digital elaaaification are alwaya an important conaideration. 
Uaually the coata for computer-aaalated interpretation are higher than the 
oorreaponding manual interpretation. One of the reasons that this ia general- 
ly the case is that cost comparisons are made for internretations of Imagery 
at the same scale. It has been our experience that for imagery of the same 
scale manual intc nretation la less expensive than computer-assisted interpre- 
tation. Computer assisted Interpretation becomes a coat effective tool when 
applied to small scale imagery. The computer costs for producing the classi- 
fications and generalizations presented in this paper were less than ^200. 
The expenditure of time was about 15 hours. These coats are for the use of 
University of Wisconsin Univac 1100/82 by University projects, approximately 
one half the commercial rates. The total wetland area of 4856 hectares (12000 
acres) could be classified at a comparable rate by using signature extension. 
These costs seem resonable, especially if one keens in mind that the interpre- 
tation would have a ground resolution of 6.0 meters (19.7 ft.). The imagery 
for this study was provided by NASA at no cost to the authors. The USGS’s HAP 
(High Altitude Photography) program la currently acquiring high altitude 
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photographic imagery across the U.S. and, like NASA, will make It available 
to the public for a nominal cost. 


CONCLUSIONS 

We believe that computer-assisted interpretation of small scale aerial imagery 
is a coat effective and accurate method of mapping ooBiplex vegetation patterns 
if high resolution information is desired. This type of technique is well 
suited for problems such aa monitoring changes in species composition due to 
environmental factors. This type of technique is a feasible method of moni- 
toring and mapping large areas of wetlands. This type of interpretation also 
has the added advantage of being in a computer-compatible form, which can be 
transformed into any geo-reference system of interest. 
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Fi ure 2. Black ind white copy of a portion of the aerial imagery used 
in this study. The scale cf the original was 1:120,000. The 
lines indicate the area mapped by both conventional and 
computer- assisted interpretation. 







Flsrure 3 . The vegetation classes as mapped by conventional photo interpretation 
of the area indicated in Figure 2. See Table 1. for key. 





Figure A. Enlargement of Che portion of the color infrared 

transparency that was used for manual and computer- 
assisted interpretation. 
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Figure 6. Thematic representation of the nearest-neighbor 

generalization of the classified scene. See Table 1. 
for color key. 
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Figure 7 , Thematic representation of the region general- 
ization of the classified scene. See Table 1. 
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Figure 8« A portion of one of the color separatlone uaed to 

generate the marked Imagery in the accuracy assesament 
part of the study. 
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REFERENCES 


1. Wisconsin Sfcafce Statue S23.32 

2. Kualer, J>, and B* Bedford, 1975. Overview of State Sponsored Wetland 

‘ Programs-, Proceedings NationaJL Ws.feland Claaaiflgatlon Ma. iDYgnta- 

rv Workshop , Fish and Wildlife Sorvioe, USDI, pp. 142-147. 

3. Bushnell, T.M., 1932. A New Technique in Soil Mapping, American Soil 

SucYCY AaaQQiatian Bulletin, 13: pp. 74-8i. 

4. Baldwin, M., H.M. Smith, and H.W. Whitlock, 1947. The Use of Aerial 

Photographs in Soil Mapping, Photogrammetrio Engineering 13: pp. 

532-536 . 

5. Kuhl, A.D., 1970 . Color and IR Photos for Soils, Photogrammetrio Engl- 

aaflrinSf 36(5) : pp. 475-482. 

6. Colwell^ R.N., 1968 . Remote Sensing of Natural Resources, Scientific 

American. 218: pp. 54-69. 

7 . Nunnally, N.R., and R.E. Witmer, 1970. Remote Sensing for Land-Use 

Studies. Photogrammetrio Engineering 36(5) : pp. 449-453. 

8. Spurr, S.H., I960. Aerial Photographs in Forestry . Ronald Press, New 
York, 333 pp. 

9 . Avery, T.E., 1966. Foresters Guide to Aerial Pliato Interj^retatlon . USDA 
Forest Service Handbook 308, Washington, D.G., 40 pp. 

10. Lion, R.J., 1969 . Geological Remote Sensing: A Critical Evaluation and 

Prognosis, iciiiQiJZft 4s. la. dlafcanaft at. apnUaatlQa a. I'atiida iisa. reagucgga 
terrestres . , Centre Nation D'EsUdes Spatiales, Paris, France, pp. 

349-402. 

11. Cole, M.M., and E.S. Owen-Jones, 1974. Remote Sensing in Mineral 
Exploration, Environmental Remote Sensing , Edward Arnold, London, Eng- 
land, pp. 49-66. 

12. Siroonett, D.S. , 1969. Remote Sensing Studies in Geography; A Review, 

P.ringlpg ila. la. diataacft sL aBPllQat.iQa a. 4£a. raaoungga, 

terrestres . , Centre Nation D'Esudes Spatiales, Paris, France, op. 

467-497. 

13 . Scher, S.J., and P.T. Tueller. 1973* Color Aerial Photos for 

Marshlands, Photogrammetrio Engineering . 39(5) : pp. 489-499. 

14. Brown, W.W. , 1978. Wetland Mapping in New Jersey and New York, 

Piiglggraametrig SnaLnssEluK and Rgogta Ssngingt 44(3) : pp. 303-314. 


15. Gammon, P.T., and V. Carter, 1979. Vegetation Mapping with Seasonal 
Color Infrared Photographs PhgtograBBfttciQ Englnogcing flOl £gl3fl.ta Sena- 
jjl£, 45(1) : pp. 87-97. 

16. Carter., V. D.L. Malone, and J.H. Burbank. 1979. Wetland Classifica- 

tion and Mapping in Western Tennessee, Photogramraetrio Engineering ml 
Remote Sensing. 45(3) : pp. 273-284. 

17. Soarpace, F.L., and B.K. Quirk. 1980. Land-Cover Classification Using 
digital Processing of Aerial Imagery, Photogrammetrio Engineering and Re- 
mote Sensing , 46(8), pp. 1059-1065. 

18. Smedes, H.W., st al.. , 1971. Digital Computer Mapping of Terrain by Clus- 
tering Techniques Using Color Film as a Three-Band Sensor, Proceedings of 
ahfi. Sftxaath international SvEPosium m. Rfifng.t.e, Sensing sL EnYlronment , 

Vol. Ill : pp. 2057-2072. 

19. LeSchack, L., 1971. ADP of Forest Imagery, Photogrammetrio Engineering , 
37(8)! pp. 885-893. 

20. Hoffer, R., P. Anuta, and T. Phillips, 1971. AiDP, MuLtiband and 
Multiemulsion Digitized Photos, Photogrammetrio Engineering. 38(10) : 

pp. 989-1000. 

21. Jensen, J.R., at ai. , 1978. High-Altitude versus Landsat Imagery for 
Digital Crop Identification, Photograrametric Engineering anl lojailta Sens- 
Ina, 44(6) ! pp. 723-733. 

22. Evans, R.M., W.T. Hanson, and W.L. Brewer, 1953. Principles of Color 
Photography . John Wiley and Sons, Inc., New York, 709 PP* 

23. Brewer, W.L., and F.C. Williams, 1954. An Objective Method of Determi- 
nation of Equivalent Neutral Densities of Color Film Images, Journal Op- 
tical Society of Amerloa 44(7) ! pp. 460-464. 

24. Sant, A., 1961. Procedures for Equivalent Neutral Density (END' 
Calibration of Color Densitometers Using a Digital Computer, Pnotographio 
Sciengq and. Enginggclgg., 14(5) : pp. 356-362. 

25. Soarpace, F.L., 1978. Densitometry on Multi-Emulsion Imagery, 

EhotogrammetriQ Engineering and Remote Sensing , 44(10) : pp. 1279-1292. 

26. McDowell, D., and M. Specht, 1974. Spectral Reflectance Using Aerial 
Photographs. Photcgrammetrlc Engineering , 40(5) ! po. 559-568. 

27. Soarpace, F.L., 1975. Radiometric Calibration for Earth Resources Anaiv- 
sis, Prcdcsdinsa OL .tlis. 1121 Annual Meeting q£. His. American ScdstY 2L 

pp. 697-702. 

28. Manual of Remote Sensing , 1975. American Society of Photogrammetry, Falls 
Church, Virginia, 2144 pp. 


29. Kalman, L., and F.L, Soappaoe, 1979. Determining Lena Fall-off uainK 

Digital Analyaia of 70mm Aerial Imagery, Prooeedinaa of the 45th Annual 
McfiUng stL iiiSL Amacigap fil Ehotogranunctry? pp. 116-135. 

30. Generalization routinea were developed by F. Townaend aa part of hia 
Ph.D. reaearch. F, Townaend ia preaently a graduate atudent in the En- 
vironmental Monitoring Program at the Univeraity of Wiaconain-Madiaon. 

31. Eppler, W.G., 1974. An Improved Veraion of the Table Look-up Algorithm 
for Pattern Recognition, Proceedinea Sit ili£. Ilinth. In.te,rjm:blaaa3i. SYPipoalUin 
on Remote Sensing of Environment, pp. 793-312. 

32. Quirk, B.K., and F.L. Scarpace. 1980. A Method of Aaaeaaing the Aoou- 
rasy of a Computer Aaaiated Scene Interpretation, Photogrammetric finsl- 
neering and Remote Senaing 46(11), pp. 1427-1431. 


